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EXECUTIVE SUMMARY 
The Minnesota Department of Transportation (MnDOT) State Wide Rest Area Program is composed of a 
coordinated system of public rest areas and waysides that are intended to help motorists travel safer. In 
1979, MnDOT collected data at rest areas to refine assumptions and improve techniques for design of 
rest area water supply and sewage treatment designs. They found on average that with water 
conserving devices people used 2.8 gallons, while non-water-conserving devices used 4.5 gallons. In the 
following years, water use charts have been informally altered, but no formal study has been conducted.  
This study evaluated the accuracy of MnDOT design charts and formulas based on people counts and 
water flows. A total of twelve rest areas were included in the study, with each site belonging to one of 
two building categories, interstate or non-interstate. The study included data collected beginning Spring 
2015 to Fall 2016. None of the sites had continuous data for the study period and half the sites began 
data collection Fall 2016. Water use estimations were obtained electronically by calculating averages 
from hourly people counts and hourly water flow data. When electronic data were not available, manual 
daily water flow was used. Site specific average water use per person ranged from 0.9 gallons to 4.6 
gallons.  A difference was found between the two building types, interstate and non-interstate, with 
interstate visitors averaging 2.2 ± 0.5 gallons and non-interstate visitors averaging 1.8 ± 0.7 gallons.  The 
difference between building types was not easily explainable, however it is theorized fewer visitors at 
non-interstate sites results in less water needed for cleaning or water treatment. The results of this 
study indicate that the original design values are still valid. However, due to the wide variation of water 
use per site, maximum water demands and usage trends should be estimated when designing a new 
septic system. This will ensure the most appropriate septic system is installed, resulting in the successful 
treatment of waste water and the fulfillment of expected system lifespans without additional 
maintenance costs. Water use studies similar to this should be conducted over longer time periods for 
better understanding of water use trends and peak usage over many years.   
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CHAPTER 1:  INTRODUCTION 
The MnDOT Statewide Rest Area Program consists of a coordinated system of public rest areas and 
waysides aimed at helping motorists travel safer (Figure 1). All rest areas fall into one of four different 
classes and are characterized by their location on an interstate or non-interstate highway (Minnesota 
Department of Transportation, n.d.). Class I are located on the Interstate System, with 14 additional rest 
areas on non-interstate. MnDOT describes Class I rest areas as clean, modern, on 15 to 30 acres and 
open 24 hours per day. In addition to picnic facilities and lighted parking lots, Class I rest areas have a 
drinking fountain, display case maps, travel displays, vending machines, and public phones. Travel 
Information Centers and Regional Welcome Centers are Class I facilities with expanded customer 
services, including a staffed information counter (Minnesota Department of Transportation, n.d.). All 
rest areas in this study are Class I.  
Class II rest areas (RA) are smaller, seasonally operated sites, with vault toilet facilities. Class III rest 
areas are smaller than Class II, seasonally operated, and feature unisex vault or pit toilet facilities. Class 
IV rest areas are the simplest of the four classes. They do not have toilet facilities, but feature scenic 
views, historical markers, or other points of interest. Statewide there are 10 Travel Information Centers 
(TIC), 3 Regional Welcome Centers, 41 Class I Rest Areas, 23 Class II Rest Areas, 13 Class III Rest Areas, 
and 180+ Class IV Waysides.  
In 1979, the Minnesota Department of Transportation collected and analyzed water use data at rest 
areas to refine assumptions and improve techniques for the design of rest area water supply and 
sewage treatment systems and found standard toilets to result in an average water use per person of 
4.5 gallons, while water-saving toilets averaged 2.8 gallons of water per person (Rest Area Design 
Charts: FHWA T 5140.8, 1979). A use rate of 5 gallons per capita per day (gpcd) was recommended for 
septic system designs. Charts were developed based on the technology at the time and in subsequent 
years, these charts have been informally modified based on new plumbing fixture technologies, but no 
data have been collected. The purpose of this study is to evaluate the accuracy of the Minnesota 
Department of Transportation (MnDOT) Federal Highway Administration (FHWA) design charts and 
formulas based on plumbing code fixtures and traffic patterns with building type consideration.  
This study included a total of twelve rest areas, with nine interstate rest areas (Albert Lea TIC, Culkin RA, 
Enfield RA, Enterprise RA, Fuller Lake RA, General Andrews RA, High Forest RA, St. Croix TIC, and Straight 
River RA) and three non-interstate rest areas (Central Minnesota TIC, Frazee RA, and Lake Pepin RA). All 
sites have low flow fixtures. It is hypothesized that the average water use per person will be similar to 
the original low-flow toilet water use of 2.8 gallons. Additionally, it is hypothesized that categorical 
labels are not significant indicators of water usage. The findings of this study will allow for current and 
future facility assessments and designs to be improved.  
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Figure 1. MnDOT Statewide Rest Area Program and the 41 Class I Rest Areas. 
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CHAPTER 2:  METHODS 
2.1 SITES 
A total of twelve rest areas were chosen for this study, nine interstate rest areas, Albert Lea TIC, Culkin 
RA, Enfield RA, Enterprise RA, Fuller Lake RA, General Andrews RA, High Forest RA, St. Croix TIC, and 
Straight River RA, and three non-interstate rest areas Central Minnesota TIC, Frazee RA, and Lake Pepin 
RA (Figure 2).  
Figure 2. The study sites: Albert Lea, Central MN, Culkin, Enfield, Enterprise, Frazee, Fuller Lake, General 
Andrews, High Forest, Lake Pepin, St. Croix, and Straight River. 
Heath Creek RA was initially included as an interstate site, however the door frames were not conducive 
to the people counter units, resulting in multiple knock-off incidents. The people counters were 
subsequently removed and placed at a new site, General Andrews RA, in October 2016. All twelve rest 
areas are open 24 hours a day, 7 days a week, and 365 days a year. TIC Explore MN Tourism Counters 
are open and staffed from 9:00 AM to 5:00 PM, all year, excluding holidays, at St. Croix TIC. The Central 
Minnesota TIC Explore MN Tourism Counter is open 9:00 AM to 5:00 PM on weekends only in the winter 
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and 7 days a week during the summer months. All rest areas are staffed daily by Green View custodians 
from 8:00 AM to 11:00 PM. Vehicles are permitted to stay in the parking lot of all rest areas for a 
maximum of 10 hours. 
An initial study was conducted for a two-week period in the summer of 2015 at six sites: Central MN TIC, 
Culkin RA, Frazee RA, Fuller Lake RA, Lake Pepin RA, and St. Croix TIC (Nelson & Heger, 2016). They 
found water conserving devices used an average of 2.8 gpcd, while non-water-conserving devices used 
4.5 gpcd. When accounting for a safety factor, 5 gpcd was still recommended as the water usage per 
person rate in designing septic systems. This study added an additional six sites and evaluated data for 
an extended time period.  
2.2 PEOPLE COUNTS 
Traf-Sys Inc./Walker Wireless Omnicounter 
418 and Compucount people counting 
systems were installed at all rest areas. The 
Omnicounter 418 device was responsible for 
direct people counts (Figure 3). The 
Omnicounter was battery powered and 
consisted of 2 units; one unit transmitted an 
infrared beam and the 2nd unit, the receiver, 
was placed parallel to the transmitter on the 
opposite door frame, with both units at a 
height of approximately 32 inches above the 
ground. The Omnicounter units were 
adhered to the door frames using Scotch® 
Outdoor Mounting Tape (15 lb weight capacity). The dimensions of the units are 3.5” x 1.75” x 1.0” 
(“OmniCounter People Counting Systems” n.d.). Counts were recorded when the infrared beam 
between the two units was broken. All rest areas had 2 sets of front doors, so all Omnicounters were 
mounted on the inside set of doors for better protection (see Figure 4).  
Omnicounters were installed so that the doors would not swing into the beam. The Omnicounter 
transmitted counts to the Compucount Data Controller. The Compucount Data Controller used electrical 
power supply and was stored in the custodial offices at all sites. Data were downloaded from the 
Compucount Data Controller on site with an Ethernet cord. Following the connection between the 
Ethernet cord and computer, a web browser was opened and the IP address http://192.169.1.55 was 
entered into the URL address bar.  Counts were opened through the Export tab and copied into a blank 
Microsoft Office Excel Spreadsheet. Data were downloaded in the form of 30 minute counts and daily 
counts. Hourly counts were obtained through the summation of each hour’s 00-minute and 30-minute 
counts (post-error adjustment). 
Figure 3. Omnicounter transmission and receiver units 
(“Omnicounter People Counting Systems”, n.d.). 
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The Omnicounters recorded counts 
anytime the infrared beam was broken, 
meaning visitors were counted both 
when entering and exiting the building. 
This required total counts to be divided 
by an error. Other factors contributing to 
miscounts include custodian cleaning and 
visitor re-entry to use the vending 
machine. The error was estimated at the 
six initial sites by manually counting the 
number of visitors that entered the rest 
stop with a hand-operated counter for 
one hour. The counts recorded by the 
Omnicounter during that same hour 
were divided by the manual count to give 
the error estimation. All site errors were 
averaged to give an error of 2.3, which 
was used for dividing total counts from 
all sites. 
The OmniCounter units were 
advantageous because they were battery 
powered and did not have to be in close 
proximity to an electrical outlet, unlike 
the Compucount Data Controllers. 
However, Omnicounter units could be 
limiting in that they require battery 
replacement after approximately 1 year and were occasionally knocked off by visitors.  
2.3 WATER FLOW 
Water flow data were obtained from MnDOT in the format of cumulative daily water flow in gallons. 
Cumulative water flow was electronically recorded in 5-minute intervals and automatically reset every 
24-hours. The Meter-Master Model 20 Flow Sensor was used at Fuller Lake, St. Croix, and Central MN. 
This flow sensor uses a magnetic sensor to digitize the water meter’s magnetic wave. The flow sensor is 
connected to either Automated Logic Building Automation software or Niagara Building Automation 
software. Lake Pepin water flow was obtained with a Badger Turbo Series meter that reads to the 
closest 100 gallons and was connected to a Recordall Transmitter Register flow sensor. Frazee used a 
Recordall Disc Series meter that read to the closest 10 gallons and was connected to a Recordall 
Transmitter Register flow meter. All flow data were recorded by the flow sensor and stored on a MnDOT 
Server, from which the data could be accessed and downloaded.  
Server failures occurred throughout the study, resulting in data loss at various times for a number of 
sites. If server data were not available, Green View daily water meter records were used. Green View 
staff record total daily water use to the nearest 100-gallon. Staff sometimes forgot to take the reading, 
Figure 4. Omnicounters were mounted on the inside set of 
doors on the door frames, at a height of approximately 33 
inches from the floor. The red arrow indicates the location of 
the IR beam. 
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which may result in more variation in the data set, as compared to the automated water meters. Green 
View water data were used for Culkin RA, which experienced a server failure in 2016. Water meters 
were not installed in-time for this study at Enterprise RA, High Forest RA, and Straight River RA, resulting 
only Green View data analysis for these sites. Frazee RA had a server failure, resulting in the loss of all 
2016 automated data. The meter used at Frazee inhibited Green View readings, resulting in no available 
water data. Albert Lea TIC, Central MN TIC, and Enfield RA all had questionable water flow data, 
resulting in the use of Green View water data. The data was questionable in that large numbers of 
visitors were recorded entering the building, while water data readings remained at 0 gal. 
2.4 CALCULATIONS 
Hourly water flow was obtained by calculating the difference between the desired hour and the 
following hour. A flaw with this design is that the water flow for 23:00 could not be calculated, as the 
flow count reset to 0 gallons at 00:00, resulting in slightly underestimated water per person use rates. 
However, visitors are not regularly recorded at sites during this time, meaning the error should be 
minimal.  Daily water was calculated by the summation of hourly water flow per day. Daily water could 
alternatively be calculated by filtering cumulative water data to the last hour of the day prior to reset 
(typically 23:55 or 0:00) and copying the values. When water meter data were not available, Green View 
data were used. 
Water use per person was calculated by dividing water flow by visitors (adjusted for error), either hourly 
data or daily data. Average number of people, average water use, and average water use per person 
were calculated using Microsoft Office Excel’s pivot table tool. Descriptive statistics (mean, standard 
deviation (1σ), maximum, count) were calculated using Microsoft Excel’s Descriptive Statistics in the 
Data Analysis Add-On. 
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CHAPTER 3:  RESULTS 
3.1 ALBERT LEA TRAVEL INFORMATION CENTER 
Albert Lea TIC was located on NB Interstate-35 at milepost 1, 8 miles south of Albert Lea in Freeborn 
County (Figure 5). There were a total of 14 toilets, 14 sinks, 6 urinals, 2 indoor water fountains, 2 
outdoor water fountains in the summer with hydrants on the bottom, a water softener, and a custodial 
hose used in the summer 2 to 3 times per week for various maintenance activities, such as washing off 
the lawn mower (Table 1). 
Table 1. Summary of water-using fixtures at Albert Lea TIC. 
Albert Lea TIC Fixture Summary 
Men’s # Women’s # Additional Fixtures # 
Toilets 4 Toilets 10 Water Fountain 2 
Sinks 6 Sinks 8 Water Softener Yes 
Urinals 6     
Figure 5. Location of Albert Lea TIC. 
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People counts from August 26th, 2016 to November 30th, 2016 were used. Green View manual daily 
water meter data were available from September 2015 to October 2016 (excluding December 2015). 
The average total daily visitors to Albert Lea was 818 ± 284. The maximum total daily visitors of 1,830 
occurred on Friday, September 2nd, 2016. The average total daily water use at Albert Lea was 1,646 ± 
770.0 gallons. The maximum total daily water use of 6,000 gallons occurred on Sunday, October 30th, 
2016. The average water per person use at Albert Lea was 2.0 ± 0.9 gallons. The maximum water per 
person use of 6.5 gallons occurred on Sunday, October 30th, 2016 (Table 2). The septic system design 
flow was 9,780 gallons per day. 
Table 2. Descriptive statistics for people. water, and water per person, as averaged by hour and by day at Albert 
Lea TIC. 
Albert Lea Daily Averages 
 
People Water (gal) 
Water per Person 
(gal) 
Mean 818 1,646 2.0 
Standard Deviation 284 771 0.9 
Design Flow  9,780  
Maximum 1,830 6,000 6.5 
Date of Maximum Friday,  
Sept. 2nd, 2016 
Sunday,  
Oct. 30th, 2016 
Sunday,  
Oct. 30th, 2016 
Count 97 390 67 
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Average total daily water use at Albert Lea displayed a seasonal trend, with the lowest daily water use 
occuring during the winter months and highest daily water use occuring during the summer months 
(Figure 6). Average total daily visitors also displayed a seasonal trend, with a decrease in visitors from 
August and September to October and November (Figure 6). 
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3.2 CENTRAL MINNESOTA TRAVEL INFORMATION CENTER 
Central MN TIC was located on WB U.S. Highway-10 at milepost 181, 2 miles east of St. Cloud, MN in 
Sherburne County (Figure 7). This TIC served both directions of traffic. There were 10 toilets, 8 sinks, 3 
urinals, 2 indoor water fountains, and a water softener (Table 3). 
Table 3. Summary of water-using fixtures at Central MN TIC. 
Central MN TIC Fixture Summary 
Men’s # Women’s # Additional Fixtures # 
Toilets 4 Toilets 6 Water Fountain 2 
Sinks 4 Sinks 4 Water Softener Yes 
Urinals 3     
People counts were available from April 18th, 2015 to September 11th, 2016. Green View manual daily 
water meter data were available for January 2015, February 2015, June 2015 and from to October 2015 
to mid-May 2016, June 2016 to mid-September. 
Figure 7. Location of Central MN TIC. 
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The average total daily visitors to Central MN was 450 ± 201. The maximum total daily visitors of 1,121 
occurred on Friday, September 2nd, 2016. The average total daily water use at Central MN was 744 ± 320 
gallons. The maximum total daily water use of 1,700 gallons occurred on Friday, July 3rd, 2015. The 
average water per person use at Central MN was 1.9 ± 0.6 gallons. The maximum water per person use 
of 3.9 gallons occurred on Tuesday, November 17th, 2015 (Table 4). The septic system design flow was 
9,310 gallons per day. 
Table 4. Descriptive statistics for people, water, and water per person, as averaged by hour and by day at 
Central MN TIC. 
Central MN Daily Averages 
 
People Water (gal) 
Water per Person 
(gal) 
Mean 450 744 1.9 
Standard Deviation 201 320 0.6 
Design Flow  9,310  
Maximum 1,121 1,700 3.9 
Date of Maximum Friday,  
Sept. 2nd, 2016 
Friday, 
July 3rd, 2015 
Tuesday, 
Nov. 17th, 2015 
Count 442 273 214 
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Average total daily water use at Central MN displayed a seasonal trend, with the lowest daily water use 
occuring during the winter months and highest daily water use occuring during the summer months 
(Figure 8). Average total daily visitors also displayed a seasonal trend, with maximum visitors in the 
summer months and a significant decrease in the winter months (Figure 8). 
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3.3 CULKIN REST AREA 
Culkin Rest Area was located on NB Interstate-35 at milepost 226, 2 miles southeast of Mahtowa, MN in 
Carlton County (Figure 9). There were 6 toilets, 6 sinks, 2 urinals, 1 drinking fountain, and a water 
softener (Table 5). 
Table 5. Summary of water-using fixtures at Culkin RA. 
Culkin RA Fixture Summary 
Men’s # Women’s # Additional Fixtures # 
Toilets 2 Toilets 4 Water Fountain 1 
Sinks 3 Sinks 3 Water Softener Yes 
Urinals 2     
People counts from April 4th, 2015 to May 4th, 2016, and July 3rd, 2016 to November 28th, 2016 were 
used. There were no people counts in June 2016 due to sensor failure. Automated water flow data were 
Figure 9. Location of Culkin RA. 
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available from May 16th, 2015 to June 6th, 2015. Green View manual daily water meter data were 
available from January 2015 to March 2016, and November 2016. 
The average total daily visitors to Culkin was 484 ± 256. The maximum total daily visitors of 1,387 
occurred on Friday, August 19th, 2016. The average total daily water use at Culkin was 944 ± 483 gallons. 
The maximum total daily water use of 2,700 gallons occurred on Friday, September 4th, 2016. The 
average water per person use at Culkin was 2.2 ± 0.4 gallons. The maximum water per person use of 4.8 
gallons occurred on Friday, March 4th, 2016 (Table 6). The septic system design flow was 5,606 gallons 
per day. 
Table 6. Descriptive statistics for people, water, and water per person, as averaged by hour and by day at Culkin 
RA. 
Culkin Daily Averages 
 
People Water (gal) 
Water per Person 
(gal) 
Mean 484 944 2.2 
Standard Deviation 256 483 0.4 
Design Flow  5,606  
Maximum 1387 2,700 4.8 
Date of Maximum Friday,  
August 19th, 2016 
Friday,  
Sept. 4th, 2016 
Friday, 
March 4th, 2016 
Count 541 391 387 
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Average total daily water use at Culkin displayed a seasonal trend, with the lowest daily water use 
occuring during the winter months and highest daily water use occuring during the summer months 
(Figure 10). Average total daily visitors also displayed a seasonal trend in 2015, with maximum visitors in 
the summer months and a significant decrease in the winter months (Figure 10). 
 
Average hourly water use and average hourly visitors increased from morning to afternoon, with peak 
water use and visitors from 10:00 to 15:00, followed by a decrease into the evening (Figure 11). Spikes in 
water use in the early morning hours is due to the operation of the water softener. 
  
0
10
20
30
40
50
60
0
20
40
60
80
100
120
140
1
2
 A
M
1
 A
M
2
 A
M
3
 A
M
4
 A
M
5
 A
M
6
 A
M
7
 A
M
8
 A
M
9
 A
M
1
0
 A
M
1
1
 A
M
1
2
 P
M
1
 P
M
2
 P
M
3
 P
M
4
 P
M
5
 P
M
6
 P
M
7
 P
M
8
 P
M
9
 P
M
1
0
 P
M
1
1
 P
M
P
eo
p
le
 p
r 
D
ay
W
at
er
 (
g
al
/d
ay
)
Culkin Average Hourly Water Use and 
Average Hourly Visitors
Water
People
Figure 10. Average hourly water use and average hourly visitors at Culkin RA from May 16th, 2015 to June 6th, 
2015. 
 16 
 
0
100
200
300
400
500
600
700
800
900
A
p
r
M
ay Ju
n
Ju
l
A
u
g
S
ep
O
ct
N
o
v
D
ec Ja
n
F
eb
M
ar
A
p
r
M
ay Ju
l
A
u
g
S
ep
O
ct
N
o
v
2015 2016
0
200
400
600
800
1000
1200
1400
1600
1800
P
eo
p
le
 p
er
 D
ay
W
at
er
 (
g
al
/d
ay
)
Culkin Monthly Averages of Daily Water Use and 
Daily Visitors
Water People
Figure 11. Monthly average daily total water use and average daily visitors at Central MN TIC. 
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3.4 ENFIELD REST AREA 
Enfield RA was located on EB Interstate-94 at milepost 187, 7 miles northwest of Monticello, MN in 
Wright County (Figure 12). There were 13 toilets, 12 sinks, 5 urinals, 2 indoor water fountains, and a 
water softener (Table 7). 
Table 7. Summary of water-using fixtures at Enfield RA. 
Enfield RA Fixture Summary 
Men’s # Women’s # Additional Fixtures # 
Toilets 4 Toilets 9 Water Fountain 2 
Sinks 6 Sinks 6 Water Softener Yes 
Urinals 5     
People data were available from August 17th, 2016 to November 11th, 2016. Green View manual daily 
water meter data were available from January 2016 to November 2016. 
Figure 12. Location of Enfield RA. 
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The average total daily visitors to Enfield was 756 ± 239. The maximum total daily visitors of 1,549 
occurred on Sunday, August 21st, 2016. The average total daily water use at Enfield was 1,416 ± 580 
gallons. The maximum total daily water use of 3,400 gallons occurred on Monday, May 30th, 2016. The 
average water per person use at Enfield was 2.0 ± 0.3 gallons. The maximum water per person use of 3.1 
gallons occurred on Wednesday, November 16th, 2016 (Table 8). The septic system design flow was 
11,167 gallons per day.  
Table 8. Descriptive statistics for daily people counts, water, and water per person at Enfield RA. 
Monthly average daily total water use and average daily visitors at Enfield  displayed a seasonal trend, as 
daily visitors decreased from August to November (Figure 13). 
Enfield Daily Averages 
 People Water (gal) Water per Person (gal) 
Mean 756 1,416 2.0 
Standard Deviation 239 570 0.3 
Design Flow  11,167  
Maximum 1,549 3,400 3.1 
Date of Maximum Sunday, 
Aug. 21st, 2016 
Monday, 
May 30th, 2016 
Wednesday, 
Nov. 16th, 2016 
Count 87 334 87 
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Peak water usage at Enfield RA occurred from 10:00 AM to 4:00 PM (Figure 14). 
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3.5 ENTERPRISE REST AREA 
Enterprise RA was located on EB Interstate-90 at milepost 244, 10 miles east of St. Charles, MN in 
Winona County (Figure 15). Fixture data were unavailable for Enterprise RA. 
Table 9. Summary of water-using fixtures at Enterprise RA. 
Enterprise RA Fixture Summary 
Men’s # Women’s # Additional Fixtures # 
Toilets × Toilets × Water Fountain × 
Sinks × Sinks × Water Softener × 
Urinals ×     
      ×: data unavailable 
Water meter readings for July 2016 were erroneously reading one magnitude less than the rest of the 
data and were subsequently edited to be consistent. There were only six days of people counts for 
Figure 15. Location of Enterprise RA. 
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Enterprise RA due to sensor failure. The data were not included in Figure 15 due to insufficient sample 
number. People counts were available from August 26th, 2016 to August 31st, 2016. The small sample 
size of people counts was due to sensor failure. Green View manual daily water meter data were 
available from September 2015 to October 2016.  
The average total daily visitors to Enterprise was 655 ± 158. The maximum total daily visitors of 847 
occurred on Friday, August 26th, 2016. The average total daily water use at Enterprise was 2,594 ± 1,465 
gallons. The maximum total daily water use of 8,000 gallons occurred on Wednesday, July 6th, 2016. The 
average water per person use at Enterprise was 4.6 ± 0.9 gallons. The maximum water per person use of 
5.6 gallons occurred on Saturday, August 27th, 2016 (Table 5). Note that only 6 data points were 
available for people counts and water per person calculations, meaning caution should be used for 
making conclusions. 
Table 10. Descriptive statistics for people, water, and water per person, as averaged by hour and by day at 
Enterprise RA. 
Enterprise Daily Averages 
 People (2015-16) Water (gal) Water per Person (gal) 
Mean 655 2,594 4.6 
Standard Deviation 158 1,465 0.9 
Design Flow  5,800  
Maximum 847 8,000 5.6 
Date of Maximum Friday,  
August 26th, 2016 
Wednesday,  
July 6th, 2016 
Saturday,  
August 27th, 2016 
Count 6 410 6 
Average total daily water use at Enterprise displayed a seasonal trend, with the lowest daily water use 
 22 
occuring during the winter months and highest daily water use occuring during the summer months 
(Figure 16).  
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3.6 FRAZEE REST AREA 
Frazee RA was located on WB U.S. Highway-10 at milepost 55, 1 mile southwest of Frazee, MN in Otter 
Tail County (Figure 17). This rest area served both directions of traffic. There were 6 toilets, 5 sinks, 2 
urinals, 2 indoor water fountains, and a water softener (Table 11). 
Table 11. Summary of water-using fixtures at Frazee RA. 
Frazee RA Fixture Summary 
Men’s # Women’s # Additional Fixtures # 
Toilets 2 Toilets 4 Water Fountain 2 
Sinks 2 Sinks 3 Water Softener Yes 
Urinals 2     
People counts were available from April 18th, 2015 to March 18th, 2016, June 7th, 2016 to July 30th, 2016, 
and August 18th, 2016 to October 25th, 2016. People data from July 31st, 2016 to August 17th, 2016 
Figure 17. Location of Frazee RA. 
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omitted due to sensor failure. Water meter data were available from June 30th, 2015 to December 31st, 
2015. Water meter data were not available for 2016 due to a server failure.  
The average total daily visitors to Frazee was 277 ± 111. The maximum total daily visitors of 661 
occurred on Friday, July 1st, 2016. The average total daily water use at Frazee was 622 ± 327 gallons. The 
maximum total daily water use of 2,300 gallons occurred on Saturday, September 5th, 2015. The average 
water per person use at Frazee was 2.6 ± 1.1 gallons. The maximum water per person use of 7.9 gallons 
occurred on Wednesday, September 9th, 2015 (Table 12). The septic system design flow was 5,167 
gallons per day. 
Table 12. Descriptive statistics for people, water, and water per person, as averaged by hour and by day at 
Frazee RA. 
Frazee Daily Averages 
 People (2015-16) Water (gal) Water per Person (gal) 
Mean 277 622.2 2.6 
Standard Deviation 111 327.1 1.1 
Design Flow  5,167  
Maximum 661 2,300 7.9 
Date of Maximum Friday,  
July 1st, 2016 
Saturday,  
Sept. 5th, 2015 
Wednesday, 
Sept. 9th, 2015 
Count 459 185 185 
Frazee Hourly Averages 
 People (2015-16) Water (gal) Water per Person (gal) 
Mean 12 29.5 4.0 
Standard Deviation 12 26.8 9.7 
 25 
Maximum 163 122.9 75.6 
Count (n) 5,690 457 430 
Average total daily water use at Frazee displayed a seasonal trend, with the highest water use occuring 
during and decreased water in the Fall. Average total daily visitors also displayed a seasonal trend, with 
the highest visitor averaege in the summer and lowest in the winter (Figure 18). 
 
Average hourly water use and average hourly visitors increased from morning to afternoon, with peak 
water use and visitors from 10:00 to 15:00, followed by a decrease into the evening (Figure 19). A spike 
in water use in the early morning hours is due to the operation of the water softener. 
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3.7 FULLER LAKE REST AREA 
Fuller Lake RA was located on WB Interstate-94 at milepost 177, 0.8 miles NW of Clearwater, MN in 
Stearns County (Figure 20). There were 7 toilets, 7 sinks, urinals, 2 water fountains, and a water softener 
(Table 13). 
Table 13. Summary of water-using fixtures at Fuller Lake RA. 
Fuller Lake RA Fixture Summary 
Men’s # Women’s # Additional Fixtures # 
Toilets 2 Toilets 5 Water Fountain 2 
Sinks 3 Sinks 4 Water Softener Yes 
Urinals ×     
×: data unavailable 
Figure 20. Location of Fuller Lake RA. 
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People counts were available from May 14th, 2015 to June 10th, 2015, and from August 18th, 2016 to 
September 2nd, 2016. Water meter data were available from May 14th, 2015 to June 10th, 2015 and from 
April 27th, 2016 to October 20th, 2016. People data were limited due to sensor failure.  
The average total daily visitors to Fuller Lake was 764 ± 191. The maximum total daily visitors of 1,306 
occurred on Friday, May 22nd, 2015. The average total daily water use at Fuller Lake was 1,788 ± 683 
gallons. The maximum total daily water use of 6,750 gallons occurred on Friday, July 1st, 2016. The 
average water per person use at Fuller Lake was 3.0 ± 0.9 gallons. The maximum water per person use 
of 4.7 gallons occurred on Thursday, May 28th, 2015 (Table 14). Hourly statistics are also included in 
Table 5, but are more variable due to less data per hour, resulting in less informative results for septic 
system sizing. The septic system design flow was 4,500 gallons per day. 
Table 14. Descriptive statistics for people, water, and water per person, as averaged by hour and by day at Fuller 
Lake RA. 
Fuller Lake Daily Averages 
 People (2015-16) Water (gal) Water per Person (gal) 
Mean 764 1,788 3.0 
Standard Deviation 191 683 0.9 
Design Flow  4,500  
Maximum 1,306 6,750 4.7 
Date of Maximum Friday,  
May 22nd, 2015 
Friday,  
July 1st, 2016 
Thursday, 
May 28th, 2015 
Count 44 204 44 
Fuller Lake Hourly Averages 
 People (2015-16) Water (gal) Water per Person (gal) 
Mean 25 95 6.4 
 29 
Standard Deviation 23 78 16.0 
Maximum 151 435 229.6 
Count (n) 755 742 725 
Monthly average daily water use at Fuller Lake had a seasonal trend. Maximum daily water use occurred 
during the summer months, with use decreasing in the spring and fall months (Figure 21). 
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Figure 21. Monthly average total daily water use at Fuller Lake RA. 
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Figure 22. Average hourly visitors and average hourly water flow at Fuller Lake RA. 
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3.8 GENERAL ANDREWS REST AREA 
General Andrews RA was located on SB Interstate-35 at milepost 208, 2 miles northeast of Willow River, 
MN in Pine County (Figure 23). There were 7 toilets, 5 sinks, 2 urnials, and 2 water fountains (Table 15). 
Table 15. Summary of water-using fixtures at General Andrews RA. 
General Andrews RA Fixture Summary 
Men’s # Women’s # Additional Fixtures # 
Toilets 2 Toilets 5 Water Fountain 2 
Sinks 2 Sinks 3 Water Softener No 
Urinals 2     
Water data were not available. People data were available from October 26th, 2016 to November 29th, 
2016. 
Figure 23. Location of General Andrews RA. 
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The average total daily visitors to General Andrews was 445 ± 197. The maximum total daily visitors of 
865 occurred Sunday, November 6th, 2016 (Table 16). The septic system design flow was 5,322 gallons 
per day. 
Table 16. Descriptive statistics for daily people counts at General Andrews RA. 
General Andrews Daily Averages 
 People 
Mean 445 
Standard Deviation 197 
Maximum 865 
Date of Maximum Sunday,  
Nov. 6th, 2016 
Count 32 
 
 33 
General Andrews was limited in data, but still showed a seasonal trend of decreased visitors from 
October to November (Figure 24). 
Peak water usage at General Andrews was from 11:00 AM to 4:00 PM (Figure 25). 
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Figure 25. Average hourly visitors at General Andrews RA. 
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3.9 HIGH FOREST REST AREA 
High Forest RA was located on EB Interstate-90 at milepost 202, 3 miles southwest of High Forest, MN in 
Mower County (Figure 26). There were a total of 13 toilets, 11 sinks, 3 urinals, 2 indoor water fountains, 
2 outdoor water fountains, and a water softener (Table 17). 
Table 17. Summary of water-using fixtures at High Forest RA. 
High Forest RA Fixture Summary 
Men’s # Women’s # Family  # Additional Fixtures # 
Toilets 4 Toilets 8 Toilets 1 Water Fountain 2 
Sinks 5 Sinks 5 Sinks 1 Water Softener Yes 
Urinals 3       
People counts were available from August 26th, 2016 to October 31st, 2016. Green View manual daily 
water meter data were available from September 2015 to October 2016 (excluding June 2016).  
Figure 26. Location of High Forest RA. 
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The average total daily visitors to High Forest was 329 ± 64. The maximum total daily visitors of 540 
occurred on Saturday, August 27th, 2016. The average total daily water use at High Forest was 542 ± 259 
gallons. The maximum total daily water use of 1,900 gallons occurred on Monday, September 7th, 2016. 
The average water per person use at High Forest was 1.8 ± 0.5 gallons. The maximum water per person 
use of 3.3 gallons occurred on Wednesday, October 5th, 2016 (Table 18).  
Table 18. Descriptive statistics for people, water, and water per person, as averaged by hour and by day at High 
Forest RA. 
High Forest Daily Averages 
 People Water (gal) Water per Person (gal) 
Mean 329 542 1.8 
Standard Deviation 63 259 0.5 
Design Flow  3,700  
Maximum 540 1,900 3.3 
 Saturday,  
August 27th, 2016 
Monday,  
Sept. 7th, 2016. 
Wednesday, 
 October 5th, 2016 
Count 67 396 67 
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Monthly average daily water use at High Forest had a seasonal trend. Maximum daily water use 
occurred during the summer months, and decreased in the winter. Monthly average daily visitors also 
declined from August 2016 to October 2016 (Figure 27). 
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Figure 27. Monthly average total daily water use and average daily visitors at High Forest RA. 
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3.10 LAKE PEPIN REST AREA 
Lake Pepin RA was located on NB U.S. Highway-61 at milepost 78, 2 miles north of Lake City, MN in 
Goodhue County (Figure 28). This RA served both directions of traffic and shared a parking lot with a 
park on the shore of Lake Pepin. There were 6 toilets, 6 sinks, 2 urnials, and 1 water fountain (Table 19). 
Table 19. Summary of water-using fixtures at Lake Pepin RA. 
Lake Pepin RA Fixture Summary 
Men’s # Women’s # Additional Fixtures # 
Toilets 2 Toilets 4 Water Fountain 1 
Sinks 3 Sinks 3 Water Softener No 
Urinals 2     
People counts were available from March 29th, 2015 to November 24th, 2016. Automated water meter 
data were available from May 2015 to November 2016 (excluding half of July 2016 to the beginning of 
September 2016).  
Figure 28. Location of Lake Pepin RA. 
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The average total daily visitors to Lake Pepin was 158 ± 75. The maximum total daily visitors of 475 
occurred Sunday, August 30th, 2015. The average total daily water use at Lake Pepin was 124 ± 68 
gallons. The maximum total daily water use of 652 gallons occurred on Monday, October 17th, 2016. The 
average water per person use at Lake Pepin was 0.9 ± 0.5 gallons. The maximum water per person use 
of 5.2 gallons occurred on Wednesday, November 2nd, 2016 (Table 20). The septic system design flow 
was 7,227 gallons per day. Hourly statistics are also included in Table 20, but are more variable due to 
less data per hour, resulting in less informative results for septic system sizing. 
Table 20. Descriptive statistics for people, water, and water per person, as averaged by hour and by day at Lake 
Pepin RA. 
Lake Pepin Daily Averages 
 People Water (gal) Water per Person (gal) 
Mean 158 124 0.9 
Standard Deviation 75 68 0.5 
Design Flow  7,227  
Maximum 475 652 5.2 
Date of Maximum Sunday,  
Aug. 30th, 2015 
Monday, 
 Oct. 17th, 2016 
Wednesday,  
Nov. 2nd, 2016 
Count 607 500 500 
Lake Pepin Hourly Averages 
 People Water (gal) Water per Person (gal) 
Mean 7 5 1.4 
Standard Deviation 8 11 6.5 
 39 
Maximum 67 379 290.1 
Count (n) 5,848 5,781 4,487 
Monthly average total daily water use and average daily visitors at Lake Pepin had a seasonal trend. 
Maximum daily water use and maximum daily visitors occurred during the summer months, with 
decreasing water use and visitors in the winter (Figure 29).  
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Figure 29. Average daily visitors and average daily water flow at Lake Pepin RA. There is no explanation for the 
outlier water flow point in November 2016. 
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Average hourly water use and average hourly visitors increased from morning to afternoon, with peak 
water use and visitors from 10:00 to 15:00, followed by a decrease into the evening (Figure 30). 
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Figure 30. Average hourly water use and hourly visitors at Lake Pepin RA. 
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3.11 ST. CROIX TRAVEL INFORMATION CENTER 
St. Croix TIC was located on WB Interstate-94 at milepost 256, 2.8 miles west of the St. Croix River in 
Washington County (Figure 31). There were 14 toilets, 13 sinks, 4 urnials, and 2 indoor water fountains 
(Table 21). 
Table 21. Summary of water-using fixtures at St. Croix TIC. 
St. Croix TIC Fixture Summary 
Men’s # Women’s # Family Restroom # Additional Fixtures # 
Toilets 4 Toilets 8 Toilets 2 Water Fountain 2 
Sinks 6 Sinks 6 Sinks 1 Water Softener No 
Urinals 4       
People counts were available from March 29th, 2015 to November 24th, 2016. Automated water meter 
data were available from May 2015 to November 2016 (excluding half of July 2016 to the beginning of 
September 2016).  
Figure 31. Location of St. Croix TIC. 
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The average total daily visitors to St. Croix was 954 ± 337. The maximum total daily visitors of 3,163 
occurred Thursday, May 5th, 2016. The average total daily water use at St. Croix was 2,197 ± 657 gallons. 
The maximum total daily water use of 5,103 gallons occurred on Saturday, September 10th, 2016. The 
average water per person use at St. Croix was 2.4 ± 0.6 gallons. The maximum water per person use of 
5.1 gallons occurred on Thursday, June 2nd, 2016 (Table 22). The septic system design flow was 22,361 
gallons per day. Hourly statistics are also included in Table 22, but are more variable due to less data per 
hour, resulting in less informative results for septic system sizing. 
Table 22. Descriptive statistics for people, water, and water per person, as averaged by hour and by day at St. 
Croix TIC. 
St. Croix Daily Averages 
 People Water (gal) Water per Person (gal) 
Mean 954 2,197 2.4 
Standard Deviation 337 657 0.6 
Design Flow  22,361  
Maximum 3,163 5,103 5.1 
Date of Maximum Thursday,  
May 5th, 2016 
Saturday, Sept. 
 10th, 2016 
Thursday,  
June 2nd, 2016 
Count 301 299 299 
St. Croix Hourly Averages 
 People Water (gal) Water per Person (gal) 
Mean 39 90 2.8 
Standard Deviation 38 81 4.8 
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Maximum 1,030 1,762 141.0 
Count (n) 6,083 6,063 6,049 
Monthly average total daily water use and average daily visitors at St. Croix had a seasonal trend. 
Maximum daily water use and maximum daily visitors occurred during the summer months, with 
decreasing water use and visitors in the winter (Figure 32).  
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Figure 32. Monthly average total daily water use and average daily visitors at St. Croix TIC. 
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Average hourly water use and average hourly visitors increased from morning to afternoon, with peak 
water use and visitors from 10:00 to 16:00, followed by a decrease into the evening (Figure 33).  
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Figure 33. Average hourly water use and average hourly visitors at St. Croix TIC. 
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3.12 STRAIGHT RIVER REST AREA (SOUTH BOUND) 
Straight River RA was located on SB Interstate-35 at milepost 35, 7 miles south of Owatonna, MN in 
Steele County (Figure 34). There were 10 toilets, 7 sinks, 3 urinals, 2 indoor water fountains, 1 outdoor 
water fountain, and 2 water softeners (Table 23). 
Table 23. Summary of water-using fixtures at Straight River RA. 
Straight River RA Fixture Summary 
Men’s # Women’s # Family # Additional Fixtures # 
Toilets 3 Toilets 6 Toilets 1 Water Fountain 2 
Sinks 3  Sinks 3 Sinks 1 Water Softener Yes 
Urinals 3       
People data were available from August 24th, 2016 to December 1st, 2016. Green View manual daily 
water meter data were available from November 2015 to October 2016. 
Figure 34. Location of Straight River RA. 
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The average total daily visitors to Straight River was 560 ± 168. The maximum total daily visitors of 1,070 
occurred Monday, September 5th, 2016. The average total daily water use at Straight River was 1,312 ± 
478 gallons. The maximum total daily water use of 2,900 gallons occurred on Sunday, July 24th, 2016. 
The average water per person use at Straight River was 2.3 ± 0.2 gallons. The maximum water per 
person use of 2.9 gallons occurred on Thursday, October 27th, 2016 (Table 24) 
Table 24. Descriptive statistics for daily people counts, water, and water per person at Straight River RA. 
 
Straight River Daily Averages 
 People Water (gal) Water per Person (gal) 
Mean 560 1,312 2.3 
Standard Deviation 168 478 0.2 
Design Flow  12,000  
Maximum 1,070 2,900 2.9 
Date of Maximum Monday,  
Sept. 5th, 2016 
Sunday, 
July 24th, 2016 
Thursday, 
October 27th, 2016 
Count 97 365 66 
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Straight River showed a seasonal trend with decreased visitors from October to November, compared to 
higher visitors in August and September (Figure 35). 
Peak hourly visitors occurred from 9:00 AM to 3:00 PM at Straight River (Figure 36). 
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Figure 36. Average hourly visitors at Straight River RA. 
Figure 35. Monthly average daily total water use and daily visitors at Straight River RA. 
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CHAPTER 4:  DISCUSSION 
The 1979 MnDOT design charts determined water conserving devices used on average 2.8 gpcd (gallons 
per capita per day), while non-water-conserving devices used 4.5 gpcd.  The results of this study found 
similar water use rates, with averages ranging from 0.9 gpcd to 3.0 gpcd and an overall average of 2.1 ± 
0.6 gpcd (Table 25, next page). This range could be a result of many different factors, such as different 
fixtures or variations in cleaning processes or techniques. For example, Lake Pepin had the lowest 
average water per person use rate of 0.9 gallons, which is likely due to sensitive sink faucets. Enterprise 
RA had an average of 4.6 gpcd, however this site was not included in the overall average or discussion 
due to the low reliability from low sample count (n = 6). 
Interstate rest areas averaged 2.2 ± 0.5 gallons per person and non-interstate averaged 1.8 ± 0.7 gallons 
per person. While there is no simple explanation for the difference between interstate and non-
interstate, it could be due to generally smaller facilities on non-interstate roadways, resulting in less 
water used for water treatment and cleaning. Furthermore, while there is a difference between 
interstate and non-interstate, the standard deviations result in overlap, rendering the difference less 
significant. 
It is important to note that average water usage reflects water use required for one person to use a rest 
area facility, which includes direct use of toilets, urinals, and sinks, as well as water required for cleaning 
and maintenance of the rest area, including water softeners.  Facilities are cleaned by Green View 
custodial staff as needed throughout the day and water used for cleaning cannot be specifically 
accounted for based on water flow data.   
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Table 25. Site comparison of daily average water use per person, maximum daily total water consumption, and sample number (count). 
 
Site 
Water Use per 
Person (gal) 
Average Total 
People per Day 
Average Total 
Water Flow 
(gal/day) 
Maximum Total 
Water Flow 
(gal/day) 
Design Flow 
(gal/day) 
Count 
(people/ 
water) 
Albert Lea TIC 2.0 ± 0.9 818 ± 284 1,646 ± 771 6,000 9,780 97/67 
Central MN TIC 1.9 ± 0.6 450 ± 201 744 ± 320 1,700 9,310 442/273 
Culkin RA 2.2 ± 0.4 484 ± 256 944 ± 483 2,700 5,606 541/387 
Enfield RA 2.0 ± 0.3 756 ± 239 1,416 ± 570 3,400 11,167 87/334 
Enterprise RA 4.6 ± 0.9 655 ± 158 2,594 ± 1,465 8,000 5,800 6/410 
Frazee RA 2.6 ± 1.1 277 ± 111 622 ± 327 2,300 5,167 459/185 
Fuller Lake RA 3.0 ± 0.9 764 ± 191 1,788 ± 683 6,750 4,500 44/204 
General Andrews RA × 445 ± 197 × × 5,322 32 
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High Forest RA 1.8 ± 0.5 329 ± 63 542 ± 259 1,900 3,700 67/396 
Lake Pepin RA 0.9 ± 0.5 158 ± 75 124 ± 68 652 7,227 607/500 
St. Croix TIC 2.4 ± 0.6 954 ± 337 2,197 ± 657 5,103 22,361 301/299 
Straight River SB RA 2.3 ± 0.2 560 ± 168 1,312 ± 478 2,900 12,000 97/365 
Overall Average 2.1 ± 0.6      
×: no water data
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The number of fixtures (toilets, sinks, urinals, water fountains, and water softeners) did not appear to 
have an effect on the average water use per person observed at each site (Table 26). There is the 
potential for increased water use with higher numbers of water-using fixtures, as faucets make leak or 
toilets may erroneously flush. The chance of a leaky or broken fixture increases with more fixtures. 
However, it is not clear that this had any effect on the observed average water use. 
Table 26. Site inventory of toilets, sinks, urinals, water fountains, and water softeners and average water use 
per person. 
Site 
Water Use 
per Person 
(gal) 
Toilets Sinks Urinals 
Water 
Fountain 
Water 
Softener 
Albert Lea TIC 2.0 ± 0.9 14 14 6 2 Yes 
Central MN TIC 1.9 ± 0.6 10 8 3 2 Yes 
Culkin RA 2.2 ± 0.4 6 6 2 1 Yes 
Enfield RA 2.0 ± 0.3 13 12 5 2 Yes 
Enterprise RA 4.6 ± 0.9 × × × × × 
Frazee RA 2.6 ± 1.1 6 5 2 2 Yes 
Fuller Lake RA 3.0 ± 0.9 7 7 × 2 Yes 
General Andrews RA × 7 5 5 2 No 
High Forest RA 1.8 ± 0.5 13 11 3 2 Yes 
Lake Pepin RA 0.9 ± 0.5 6 6 2 1 No 
St. Croix TIC 2.4 ± 0.6 14 13 4 2 No 
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Straight River RA 2.3 ± 0.2 10 7 3 2 Yes 
 ×: data unavailable 
Some sites have water softeners, which substantially increase water use during the morning hours, 
while the number of visitors remains low. Frazee and Fuller Lake display this jump in early-morning 
water use per person (Figure 37). The maximum average water use per person at Frazee was 29.4 
gallons at 2:00 AM and 46.9 gallons per person at Fuller Lake. It is best to continue to program water 
softeners to run during off-peak hours, so as to not overload the septic system. Off-peak hours were 
shown to be late in the early morning hours for all sites with available data. Seasonal maximum water 
demand occurred during the summer months due to an increase in number of people traveling. 
Peak daily average water use per person is valuable for the design of septic systems.  Systems must be 
designed to handle maximum usage and the peak usage for daily averages gives a good estimation as to 
the magnitude of waste water demand a system must be capable of handling. The results of this study 
display the wide variation in average daily waste water production, regardless of a site’s location on an 
interstate or non-interstate roadway. Therefore, when new systems are designed for rest areas, a traffic 
study should be conducted to estimate maximum septic system capacity needs, rather than determining 
size through categorical labels. Furthermore, maximum daily water use and maximum daily visitors 
often occur on different days suggesting it is inadequate to estimate the maximum acceptable capacity 
of a septic system on people counts or water flow alone. When appropriately designed and properly 
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Figure 37. Hourly water use per person at Frazee RA and Fuller Lake RA. 
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maintained, septic systems are a successful and long lasting means of wastewater treatment (MnDOT, 
2014).  
A comparison of average water use per person between this study and the original 2-week study 
(Nelson & Heger, 2016) can be found in Table 27. Slight differences are observed between the two study 
periods for each site. The difference between site means (µ) remained below 0.8 gallons and the 
difference between standard deviations (1σ) remained below 1 gallon. This suggests that 2 weeks may 
be an appropriate length for a traffic study for designing septic systems, if conducted during the summer 
months that are the busiest, including a highly traveled holiday to observe maximum use trends. 
However, with a shorter study period, a more generous safety factor should be considered to account 
for potential excess flows not captured in the study period. 
Table 27. Comparison of average water use per person (µ ± 1σ) between the original 2-week study conducted in 
2015 and this 2016 study. 
Site 1st Study (2-week) 2nd Study 
Central MN TIC 1.8 ± 0.3 1.9 ± 0.6 
Culkin RA 2.6 ± 0.2 2.2 ± 0.4 
Frazee RA 2.1 ± 0.1 2.6 ± 1.1 
Fuller Lake RA 3.8 ± 0.3 3.0 ± 0.9 
Lake Pepin RA 0.7 ± 0.1 0.9 ± 0.5 
St. Croix TIC 3.2 ± 0.3 2.4 ± 0.6 
Knowing maximum demands and usage trends would allow for the most suitable septic systems to be 
installed, which would subsequently save money and resources on necessary, but preventable 
alterations. A septic system built too small would result in extra maintenance and repair costs, as the 
system would be overloaded and overworked, resulting in a shorter lifespan. Additionally, waste water 
may not be fully treated, resulting in an environmental and human health risk. However, building a 
system that is excessively large is not cost effective or necessary. Another option for wastewater 
treatment are wastewater treatment plants (WWTP). WWTP differs from SSTS in that they involve 
surface discharge of treated effluent rather than subsurface discharge. Wastewater ponds are the type 
of WWTP found at rest areas. Factors that determine whether a SSTS or WWTP is built include onsite 
soils, capital costs, regulatory issues, and the maintenance district’s ability to provide proper system 
care. Wastewater ponds are advantageous as they are easy to operate, are under the jurisdiction of a 
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single regulatory entity, do not easily fail, and can handle overloading of the design flow. If a site 
experiences high variability in wastewater flow, flow equalization capabilities should be considered for 
both SSTS and WWTP to ensure flows are treated evenly and protects the system from overloading. 
Fuller Lake RA and Enterprise RA both experienced maximum daily water flows that exceeded the design 
flow. At Fuller Lake RA, the design flow was 4,500 gallons per day and the maximum total daily water 
flow was recorded at 6,750 gallons on Friday, July 1st, 2016 (Table 28). It is not unusual to see above 
average flows on holiday weekends. The exceedance of the design flow only occurred once in the 205 
days of data at Fuller Lake, which spanned from May 14th 2015 to June 10th, and 2015, April 27th, 2016 to 
October 20th, 2016. An occasional exceedance of maximum design flow will likely not harm a septic 
system, however frequent or even seasonal exceedances will result in decrease the life of a system due 
to reduced hydraulic retention times and treatment, as well as overloading of the soil treatment 
systems. At Enterprise RA, the design flow is 5,800 gallons per day. This was exceeded on Wednesday, 
July 6th, 2016, when a total daily water use of 8,000 gallons occurred (Table 28). A total daily water use 
of 6,000 gallons occurred on 3 different dates, Sunday, July 3rd, 2016, Friday, September 2nd, 2016, and 
Monday, October 3rd, 2016. A WWTP pond exists at Enterprise RA, meaning exceedances of the design 
flow are of less concern, compared to those at Fuller Lake RA. Note that Green View water data were 
used at Enterprise RA, so there is the potential for more error in these readings. 
Table 28. Comparison of maximum total water flows, design flows, and wastewater treatment system types at 
all sites. Fuller Lake RA and Enterprise RA were the only two sites with available data where maximum total 
daily water flow exceeded the design flow. 
Site 
Maximum Total Water Flow 
(gal/day) 
Design Flow 
(gal/day) 
System Type 
Albert Lea TIC 6,000.0 9,780 WWTP Pond 
Central MN TIC 1,700.0 9,310 SSTS 
Culkin RA 2,700.0 5,606 SSTS 
Enfield RA 3,400 11,167 SSTS 
Enterprise RA 8,000.0 5,800 WWTP Pond 
Frazee RA 2,300.0 5,167 SSTS 
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Fuller Lake RA 6,750.0 4,500 SSTS 
General Andrews RA × 5,322 SSTS 
High Forest RA 1,900.0 3,700 WWTP Pond 
Lake Pepin RA 651.6 7,227 SSTS 
St. Croix TIC 5,102.7 22,361 SSTS 
Straight River SB RA 2,900.0 12,000 WWTP Pond 
×: no water data 
When including a safety margin to account for variation and error, a water usage per person of 5 
gallons/person is still recommended in order to adequately handle waste water demands, including 
occasional maximum peaks, for sites where a water estimation study is not conducted. An average of 
2.5 gpcd is still valid for low-flow fixtures.  
Future research could include a longer study to analyze variation over years. Different water meter 
types were used in this study, likely adding more variability in the results between sites. Future studies 
should use a single water meter type for all sites to decrease the number of variables. Ideally, directional 
sensing counters should be installed to decrease the potential error in readings caused from counters 
that detect all movement. Finally, additional sites could be added to attempt to better understand the 
difference that was observed between interstate and non-interstate sites.
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